Adults with Sickle Cell Disease (SCD) experience multiple disease-related complications, but few studies have examined relationships between these events and health-related quality of life (HRQOL). We determined the number and type of previous or co-occurring SCD related complications and their reported HRQOL in a cohort of 1046 adults from the Comprehensive Sickle Cell Centers (CSCC). Participants had a median age of 28.0 years (48% male, 73% SS or Sβ 0 thalassemia) and had experienced several SCD-related complications (mean 3.8 ± 2.0), which were influenced by age, gender and hemoglobinopathy type (p<0.0001). In multivariate models, increasing age reduced all SF-36 scales scores (p<0.05) except mental health, while female gender additionally diminished physical function and vitality scale scores (p< 0.01). Of possible complications, only vaso-occlusive crisis, asthma, or avascular necrosis diminished SF-36 scale scores. Chronic antidepressants usage predominantly diminished scores on bodily pain, vitality, social functioning, emotional role, and mental health scales, while chronic opioid usage diminished all scale scores (p<0.01). Our study documents substantial impairment of HRQOL in adults with SCD that was influenced by only a few of many possible medical complications. It suggests that more effective treatments of persistent pain and depression would provide the largest HRQOL benefit.
A number of diseases, such as sickle cell disease, can impact a variety of organ systems resulting in multiple different disease-related symptoms or complications. However, the extent of co-existent multiple medical complications in SCD have not been well described. Most previous large natural history studies, such as those from the Cooperative Study of Sickle Cell Disease (CSSCD) (9) , focused on in-depth characterizations of specific complications. The relationship of SCD complications to diminished HRQOL has been established for frequent sickle pain or opioid usage (10) (11) (12) (13) . The small size of these prior HRQOL studies limited their ability to examine the HRQOL effects of other less frequent SCD complications.
During the 2003-2008 funding cycle of the Comprehensive Sickle Cell Centers, the investigators developed and implemented a clinical database (the C-Data Project) to record the occurrence of 62 selected SCD complications in a cohort of adults and children seen at the participating clinical sites. Nineteen of these SCD-related complications were selected for use in this study based on their clinical relevance, relative frequency, and their potential influence on HRQOL (14) . Of the 1180 enrolled subjects, 1067 individuals completed Medical History I and II, and the SF-36 (See Methods). The average age of the 545 women (52%) and 501 men (48%) was 31.4 years (standard deviation [SD] 11.8) with a range of 18 to 72 years (median 28 years). The participants were largely Black (90%) of non-Hispanic ethnicity (92%). The sample included 763 adults with SS or Sβ 0 thalassemia (73%) and 283 adults with SC or Sβ + thalassemia (27%). (Table I Supplemental materials) The prior occurrence of acute vaso-occlusive (sickle cell) pain was the most common complication (89%) followed by acute chest syndrome (69%), and gall bladder disease (49%). A number of chronic complications were relatively common, including avascular necrosis of the hips/shoulders (AVN) (29%), transfusion-related iron overload (17%), priapism (16%), leg ulcers (12%), and retinopathy (12%). Two distinct associated medical conditions were prevalent: asthma (20%) and hypertension (12%). Continuous use of oral opioids greater than 30 days in the prior year was reported by 37%, while oral antidepressants use was reported by 11%. (Table I Supplemental materials) Most adults had experienced more than one SCD-related complication (mean 3.8 ± 2.0, median 4), and more than one affected organ system (mean 3.3 ± 1.5, median 3) ( Figure 1A , 1B of the Supplemental materials). The number of complications increased substantially with increasing age (p<0.001). Persons with SS or Sβ 0 thalassemia reported significantly more complications at any age than individuals with SC or Sβ+ thalassemia (p<0.001), a finding present in both females and males ( Figure 1 ). These findings are consistent with previous studies reporting a milder initial clinical course and longer life expectancy for those individuals with SC or Sβ + thalassemia (15, 16) .
The SF-36™ version 2.0 (17) is a non-disease-specific measure of HRQOL that has 36 items to assess 8 aspects of health: physical functioning, physical role functioning, emotional role functioning, social functioning, pain, mental health, general health, vitality. General health is separately rated using a 5 point categorical scale from excellent to poor, while change in health since the previous year is rated using a 5 point categorical scale from much better to much worse. Two-hundred twenty-four subjects (22%) rated their health status as fair or poor (Figure 2A supplemental materials). In an ordinal logistic model, a higher probability of reporting poor health status was associated with increasing age (p< 0.01, odds ratio (OR) 1.4, 95% CI 1.2-1.5 for every additional 10 years of age), usage of opioid analgesics (p<0.01, OR 2.0, 95% CI 1.5-2.7), previous occurrence of vaso-occulsive pain (p<0.01, OR 2.2, 95% CI 1.3-3.6), or asthma (p<0.05, OR 1.4, 95% CI 1.0-1.9). Participants also reported their current health status compared to the previous year. In our sample, 386 subjects (37%) rated their general health as somewhat worse or much worse than the previous year ( Figure 2B supplemental materials).
All individual SF-36 scale scores were significantly decreased compared to the general US population (mean of 50), particularly on the general health scale, while the vitality and mental health scales were less severely decreased (Table I) , similar to a previous study (12) . With the exception of the mental health scales, a consistent clinically significant decrement in scale scores was evident with advancing age, with almost all of the declines occurring between the 18-19, 20-29, and 30-39 age groups (Table I ). In exploratory regression tree models, the prior occurrence of some medical complications was not associated with significant changes in scale scores, including acute chest syndrome, gall bladder disease (cholelithiasis), retinopathy, proteinuria, pulmonary hypertension, viral hepatitis, osteomyelitis, and renal insufficiency. The occurrence of several other complications, associated conditions, or usage of medication, including pain, the frequent usage of oral opioids, AVN of the shoulders/hips, asthma, leg ulcers, and usage of oral antidepressants had statistically significant individual effects (p<0.05) on scale scores. Table II shows the effect of these variables when subsequently entered into multiple regression models for each SF-36 subscale. Gender, age, frequent opioid usage, asthma (all p<0.01), and to a lesser extent AVN (p<0.05), were associated with diminished scores on the physical functioning scale of the SF-36. Age (p<0.05), antidepressant usage (p<0.05), and frequent opioid usage (p<0.01) were associated with diminished scores on all scale scores except mental health. The occurrence of asthma further reduced (p<0.05) role physical, bodily pain, general health, and vitality scales, while the occurrence of sickle pain further reduced (p<0.05) bodily pain, general health, and vitality scales. Antidepressant usage or the frequent usage of opioids were the only complications that reduced mental health scale scores (p<0.01). The presence of leg ulcers did not have a significant added effect on any of the scale scores.
The PiSCES study found that the frequency of home opioid usage was predictive of the frequency of daily pain in the PiSCES study (9) . Mean daily pain intensity had a similar broad negative effect on SF-36 domain scores (10) as observed for chronic opioid usage in this study. Pain occurrence is also associated with additional decrements in HRQOL in a number of other chronic disorders including rheumatoid arthritis (22) , inflammatory bowel disease (23) , and AIDS (24) . Similar additive decrements have been noted for combinations of a number of medical and mental health conditions in the general medical population (25) . The negative impact of the combination of depression and painful medical conditions has been shown in rheumatoid arthritis and in sickle cell disease (26) (27) , which may be relevant to the additive decrement in reported HRQOL from antidepressant usage observed in this study. A negative impact of asthma was expected given recent positive associations between asthma and painful episodes in children (18, 19) and mortality in adults (20) . The occurrence of AVN had only a weak additive detrimental effect on HRQOL in these regression models, likely because of the close association of this complication with vaso-occlusive pain (21) , and the inclusion of chronic opioid usage in the models.
This study utilized a large contemporary adult SCD cohort that provided an opportunity to examine the relationship between clinical events and patient-reported quality of life. Most older individuals in this cohort, or those who regularly took oral opioid analgesics, rated their general health as either fair or poor, and many individuals reported their general health as worse than in the previous year. The majority of patients in this cohort experienced multiple disease-related complications with older individuals experiencing a greater number of complications. However, the occurrence of only a few specific complications progressively diminished SF-36 scale scores, including vaso-occlusive crisis, associated conditions such as asthma, and the chronic usage of oral opioids or antidepressants, indicative of chronic pain and depression. While the large number of concurrent complications underscores the medical complexity of this disorder in adults, from the patient's perspective the occurrence of acute and chronic pain impairs health status and quality of life more than any other disease-related complication. Our study suggests that more effective management of persistent pain and depression could substantially improve the quality of life for many adults with SCD. Unfortunately, persistent pain is a very complex phenomenon in this disorder (6) , and more studies are needed to demonstrate effective management strategies.
A number of limitations of this study should be noted. Non-English speaking participants were not included. Since most clinical sites did not have reliable patient registries, a random subject enrollment design was not employed. Subject selection could be biased toward more symptomatic individuals as recruitment was targeted to those individuals frequently seen at their centers, as this population was believed most likely to return for subsequent studies. It is not possible to determine if the clinical severity documented in this cohort is representative of the wider SCD population or those of other sickle cell centers as there are no contemporary population based SCD cohorts available for comparison.
METHODS
Adult patients (age ≥ 18 years) with any form of SCD at participating CSCC Centers and affiliate sites were eligible for C-Data Project enrollment if seen within the last 24 months and expected to return for care. Subject enrollment occurred either at the time of a special C-Data Project recruitment event or at a routine clinic visit. Nine CSCC centers, representing 19 clinical sites, participated in the C-Data Project. At the time of initial enrollment, study staff collected a detailed health history (Medical History I) and administered psychosocial and health behavior interviews (Medical History II) that required approximately 10 minutes to complete. The health history data on medical conditions, SCD complications, surgeries, medication usage, procedures, and medical tests were subsequently verified by medical record review. Only medical history data verified by medical records was used in this study. The SF-36™ version 2 was self-administered in accordance with the provided guidelines and interview "script". Subjects with limited literacy had the questions read to them. Non-English versions were not used in this study. Scores were calculated using the version 2 scoring algorithm for each of the eight SF36 dimensions, which norms the scale scores to data from the US general population to a mean of 50 with a standard deviation of 10 for each scale.
Only those subjects with complete informed consent, baseline data (Medical History I and II), and SF36 were included in the analysis for this manuscript. Statistical analyses for this manuscript were generated using SAS/STAT® software, Version 9.1 of the SAS System for Windows (Cary, NC). In addition to reporting summary statistics on the baseline and demographic variables, the hypothesis that age, gender and phenotype had no relationship to the number of complications was examined using an F-test from a linear model of the number of complications, controlling for age, gender, and phenotype. A linear model was fit to each SF-36 subscale with age group as a covariate. Descriptive p-values were generated from the F-test. The relationship between complications and the SF-36 subscales was examined by first eliminating complications (from the 19 selected complications in the C-Data database) that did not show a strong association using Cartesian and regression trees (CART). (28) . Multivariable models (ordinal logistic and linear models) were created using only the subset of variables that had a descriptive p-value of >0.05 for any of the trees. An ordinal logistic model was used to examine the relationship between the SF-36 general health scale (5 points) and the SF-36 change in perceived health scale (5 points) controlling for age, gender, phenotype, antidepressant use, use of opioid analgesics, and the presence of AVN, ulcers, vaso-occlusive crisis (VOC), or asthma. The relationship between each SF-36 subscale and age, gender, phenotype, antidepressant use, use of opioid analgesics, and the presence of AVN, ulcers, VOC, or asthma was estimated using an F-test from a linear model. 
Relationship Between Age and the Mean Number of Complications per Individual

